Benzol/Petroläther an einer gekühlten Säule über Silica gel chromatographiert.
Renewed interest in the chemistry of azetidine-2-ones the active moiety of Penicillin *, Cephalospo rin 2 and Paschyandra Term inalis3 has added con siderable information on the behaviour of this four member cyclic amide.
Of the various m ethods4 developed for the syn thesis of lactams that by Sh e e h a n and B ose 5' 6 of the intramolecular alkylation of ,/V-aryl 7V-(a-haloacetamino)-malonates using triethylam ine seems the most general as well as the most widely exploited. Subsequently, the effect of other substituents at tached to the methyne carbon, as well to the nitrogen atoms of 1 and the effect of various base systems, on the ease of formation of lactams have been stu- In view of the interesting long range activating influence of the 4-and 3-nitrophenyl substituents ob served by Ch a t t e r je e and A b d u l l a 10, n , it was decided to study the effect of the 4-nitrophenyl sub stituent when attached to the methyne carbon, as well as that of other N-aryl substituents on the ease of form ation of lactams.
Amines 2 needed for the investigation were syn thesized by the procedure developed by Ch a t t e r je e and coworkers 12 and are listed with their physical characteristics in Table 2 .
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Amides 3 and 5 were synthesized by the proce dure developed by B ose 15 or by refluxing amine 2 with the appropriate acid chloride, and are listed in Tables 3 and 5 .
The compound 3 a eliminated the elements of HBr quantitatively with alcoholic KOH as well as "Rexyn 201" (O H 9 ). The halogen free products iso lated had superimposable I.R. spectra. The absence of a peak in the (1775/cm .) region contradicts the formation of a /3-lactam. W ith triethylamine on the other hand, instantaneous quaternarization of 3 a resulted. This was established by the estimation of the bromide ion as AgBr. 3 b , however, was unreac tive to the above basic reagents. These observations indicate that a 4-nitrophenyl substituent is less acti vating than a carbonyl function since 1 c gives the lactam with alcoholic KOH.
In order to study the effect on the methyne hydro gen, when the activation was partly exerted by an ester function and partly by a 4-nitrophenyl substi tuent amide 3 c was synthesized as outlined in Scheme I. Scheme I The activating influence on the methyne hydrogen was then markedly reduced by replacing the carbethoxy function in 3 c by a phenyl substituent in Table 6 . Elimination kinetics of 3 c and 1 a.
3 d , which was synthesised as shown in Sdieme II. 
xC -CH,C1
-
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Sdieme II Interestingly enough 3 d eliminated halogen acid with triethylamine at room tem perature, though the rate of elimination was considerably slower than either 3 c or 1 a. The reaction was eventually taken to completion at the reflux tem perature of benzene. Amide 1 b required alcoholic KOH to afford the lactam.
This result corroborates that a 4-nitrophenyl sub stituent exerts a stronger influence on the methyne hydrogen than a carbethoxy function but less than that of a keto function.
Therefore a second nitro group was introduced into the phenyl substituent attached to the methylene carbon of 3 a. Amide 3 e was synthesized in the usual manner. With triethylam ine at room tem pera ture the amount of halogen acid elim inated from 3 e was negligible. However prolonged boiling of the benzene solution of 3 e, with triethylam ine af forded ihe /5-lactam 4 c in 50% yield. This is the first instance where a single substituent has afforded sufficient activation for the intramolecular alkylation to occur with as weak a base as triethylamine. F u r thermore in all previous cases of such alkylation where triethylamine had proved successful, the rate of alkylation increased tremendously with alcoholic KOH. In this case however 3 d, produces an a-hydroxy amide, as suggested by its I.R. spectra rather than the /5-lactam.
Subsequently the effect of the 4-nitrophenyl sub stituent in the synthesis of larger ring compounds was investigated.
Although alcoholic KOH, "Rexyn 201" (O H 0 ) and even triethylamine, at room tem perature quan titatively removed a mole of HBr from 5 a , the I.R. spectra of the product 6 a did not support the for mation of a 7-lactam (absence of CO 7-lactam peak at 1725/cm s.). It appears that elimination of HBr resulted in the form ation of an a^-unsaturated amide, the synthesis of 6 a from 2 a and acryloyl chloride 16. although it is rather unusual for the amide carbonyl ■ ■ The identity of the two compounds was established to exert sufficient activation for the elimination with by m ixture melting point determination and elementriethylam ine. This, however, was corroborated by tal analysis. When one tries to convert N-aryl amino esters to thesis is carried out with /?-bromopropionyl chloride, 7-lactams by a one step operation the substituted acryloyl chloride is formed before the amidification, acryloylamide is the m ajor p ro d u ct17. On the basis since the required y-lactams could be obtained in of the behaviour of 5 a with triethylamine, we sug-high yields by the norm al two step sequence, gest that in those reactions where a one step syn- Amide 5 c eliminated HBr extremely rapidly with triethylamine at room temperature. However instead of the expected lactam form ation as did occur in the case of the corresponding chloracetamide 3 d, the product 6 b isolated was the acryloylamide (CO amide 1675/cm . and ^C = CC^ 1630/cm .).
C6H5 -N -
Amide 5 d like 5 a gave the a/5-unsaturated amide 6 f (CO amide 1675/cm., ^ C = C C 1625/cm.) with triethylam ine as well as with alcoholic KOH.
However the reaction with triethylamine was much slower as compared to 5 a and the reaction was eventually taken to completion at the reflux tempera ture of benzene. When 7 was treated with alcoholic KOH at room temperature negligible elim ination of KC1 was ob served. At reflux tem perature elim ination of HC1 was 50 per cent. W ork up of the solution in all cases resulted in an intractable gum. This is in sup port of the observation by B r o w n and coworkers 18 that reactions proceed in such a m anner, as to favour the form ation or retention of an exo double bond in 5 member rings and avoid form ation or retention of the exo bond in 6 member rings.
When a benzene solution of iV-benzyl-/?-bromopropionamide was allowed to stand for 3 days with triethylam ine at room tem perature the corresponding acryloylamide was isolated in 15% yields 19. Since 5 a eliminated triethylamine hydrobrom ide rapidly at room tem perature and since the acryloyl 6 a was isolated in 95% yield, it was of interest to see whether substituents on the TV-atom played any part in effecting the rate of elim ination of halogen acid with triethylamine.
The amides 5 h, 5 f, and 5 g were synthesized to investigate whether it was the A^-aryl substituent or whether it was the N-(alkyl substituted) substituent of /9-bromopropionamides that played the m ajor role in affecting the rate of elimination of halogen acid using triethylamine.
Should the influence of the form er predom inate then amides 5 f and 5 g should eliminate HBr at a different rate because of the difference in extent of delocalisation of the non-bonded electrons of nitro gen into the ./V-aryl nucleus due to steric factors. Should the influence of the latter predom inate then amides 5 h and 5 f should eliminate HBr at different rates. Table 7 . Elimination kinetics of 3 h, 5 f and 5 g.
cate that though an aryl substituent on the TV-atom does play a significant role in governing the rate of elimination of halogen acid, the nature of the aryl substituent is of little importance in these amides.
Since the presence of a nitro function in the 4 or 3 position 10,11 of the Ar-aryl nucleus of 1 influences the ease of formation of lactams, it was thought of interest to investigate the effect of other electron withdrawing groups on similar intram olecular alkylation.
Amide 3 g eliminated the elements of HC1 to the extent of 70% in 8 hours at room tem perature with triethylamine, and the reaction was taken to com pletion at the reflux tem perature of benzene. 3 g was also effectively cyclised to the /Mactam 4 e with alcoholic KOH, as compared to amide 1 f which when treated with alcoholic KOH gave the K salt of the corresponding /?-amino acid. This fully supports our observation that any substituent on the A'-aryl nucleus of a-haloacetamino esters, which facilitates the delocalisation of the non-bonded pair of elec trons of the /V-atom, into the aryl nucleus, increases the acidity of the methyne hydrogen and thus per mits as weak a base as triethylamine to bring about cyclisation even in those systems where activation is afforded by a phenyl and carbethoxy function attached to the methyne carbon. Amide 3 f elimi nated the elements of HC1 extremely rapidly with triethylamine. So much so, that the reaction went to completion in 4 hours at room tem perature. The corresponding phenyl analogue 1 a eliminates to the extent of 80% in 8 hours. A p-acetyl group is also capable of a similar effect11.
The amide 1 c affords the /?-lactam only when intramolecular alkylation is carried out with a strong base such as alcoholic KOH 9. 3 h was synthesized to see whether an electron w ithdrawing substituent in the 4-position of the 7V-aryl nucleus, would suf ficiently activate the methylene hydrogen of haloacetamino ketones, as to permit cyclisation to the lactam with triethylam ine. The I.R. spectra of the amide showed a broad peak from 1675 -1700/cms. due to aryl ketone and amide carbonyl functions. On treatm ent with triethylamine, HC1 was eliminated to the extent of 30% at room tem perature in 12 hours. The product 8 eventually isolated in 40% yield showed sharp peaks at 1700 and 1675/cms. The absence of the /5-lactam carbonyl peak at 1775/cms. suggests the form ation of a morpholine 20.
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Certain groups in the 2-position of the A-aryl sub stituent of /V-aryl a-haloacetamino esters effect the planarity of the aryl ring and the three valencies of nitrogen, which in turn markedly reduces the acidity of the methyne hydrogen u . Therefore the rates of cyclisation of amides 3 i, 3 j, 3 k , l a were studied. Table 8 gives the comparative rates of elimination of halogen acid based on elimination of triethyl amine hydrochloride at room tem perature (30 °C ).
T2[h] [%] T 4[h] [%]
Te The extremely slow rate of elimination of amide 3 i is in accordance with the fact that here, both the bulk of the 2 -substituent, as well as the peri effect are in operation in disrupting the planarity of the aryl nucleus and the 3 valencies of nitrogen.
A methyl group in the 2-position of the /V-aryl nucleus has been found to retard the rate of cyclisa tion of the amide to the lactam n . A methoxy sub stituent is also expected to behave in the same m an ner. A comparison of the rate of elimination of halogen acid from amides 3 j and X shows that a powerful electron donating group further decreases the acidity of the methyne hydrogen.
To show that it was not only the bulk of the 2 -substituent that was responsible for these observa tions, but also its steric disposition, amide 3 k was synthesized, in which the 2-substituent is the bulky phenyl group. It is well known that the bi-phenyl system can adopt conform ations in which the two phenyl nuclei are at right angles to one another. If this be so then though bulky, the 2-phenyl group would offer comparatively lesser steric hinderance when the A-aryl nucleus and the 3 valencies of nitro gen are coplanar, than a 2 -methoxy substituent 3 j or a methyl substituent X. The enhanced rate of elimination of HC1 in case of 3 k as compared to 3 i, 3 j and X is in accordance with this view. 3 k however still eliminates halogen acid at a slower rate than 1 a, where the TV-aryl substituent is just a phenyl group. These observations indicate that the bulk of the A'-aryl substituent is reduced to a se condary im portance in the form ation of the four membered ring as compared to the steric disposition of the substituent.
It has been mentioned earlier that a nitro group in the 3 position of the A-aryl substituent of a-halo acetamino esters is also capable exerting a long range activation effect on the methyne hydrogen u . To clarify this effect amide 3 I was synthesized in which a methyl group is ortho to the nitro group and para to the amido function. We hoped that a methyl group would be sufficiently bulky, as to cause a lack of planarity between the nitro group and the aryl nucleus, and also being electron re leasing, further oppose the delocalisation of the non bonded electron pair on the nitrogen atom into the A-aryl nucleus. Experiment however showed that the amide 3 1 eliminated the elements of HC1 to the ex tent of 10% in 12 hours with triethylamine at room temperature. Amide 1 g also eliminated HC1 to the same extent under the same conditions, suggesting that the methyl group here does not play any signi ficant role in governing lactam formation.
Lactams 4 and acryloyl amides 6 that were syn thesized are listed in Tables 4 and 9 4-Oxo-2(2,4-dinitrophenyl)-l phenyl azetidine (4 c) : 1.60 g. 3 e in 15 cm3 of benzene and 6 cm3 of triethylamine were allowed to stand at 80 °C for 16 hours. A black mug deposited. After cooling, the benzene solu tion was decanted and the mug estimated for halogen
